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Introduction 

When a foreign antigen invades a living body, antigen-specific B cells 
recognize invasion of the antigen, and the cells then differentiate into plasmacytes that 
generate an antigen-specific antibody. This action of the antigen-specific B cells is 
extremely important for biological defense. B cells, which got mature in the bone 
marrow and transferred to peripheral tissues, generate an antibody having a high affinity 
for a T cell-dependent antigen. During this process, it has been known that a germinal 
center plays an important role in peripheral lymphatic tissues. When antigen-specific 
B cells recognize an antigen, in order to generate a sufficient number of antigen-specific 
B cells, a rapid growth of such antigen-specific B cells is induced in a lymph follicle. 
At the time, growing cells act as centroblasts and form the dark zone of the germinal 
center. Thereafter, such centroblasts transfer to a light zone, and they differentiate into 
centrocytes whose cell cycle is terminated. During this process, somatic 
hypermutation occurs at a high frequency, and the cells have a higher affinity for a 
foreign antigen (Figure 1). A class switch from an IgM antibody to an IgG antibody 
also occurs in this region, and it is closely associated with affinity maturation of an 
antibody l \ 

The molecular mechanism of B cell activation in such a germinal center has not 
yet been clarified. AID (activation-induced cytidine deaminase) is an RNA editing 
enzyme that is induced during a class switch. It has been reported that such an 
AID-deficient mouse does not have two mechanisms, namely, somatic hypermutation in 
a germinal center and a class switch 2) . Moreover, with regard to induction of V region 
mutagenesis, several new DNA polymerases are so-called error-prone polymerases, 
which cause low accuracy of incorporation of nucleic acid, and thus a relation between 
such enzymes and somatic hypermutation has been suggested 3) . These findings 
demonstrate that the studies of this region, which had been mainly dedicated to the 
analysis of a communication pathway causing affinity maturation, have finally 
proceeded to the stage of clarification of somatic hypermutation and the molecular 
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mechanism of a class switch. 

DNA primase is necessary as a DNA replication enzyme that is a molecule 
acting together with DNA polymerase. It has been revealed that novel DNA primase is 
present in germinal center B cells. It has been suggested that such novel DNA primase 
be likely to interact with molecules associated with affinity maturation. In this paper, 
the relationship of such novel DNA primase, GANP, with a B cell activation mechanism 
will be described based on the current findings. 



Follicular galea zone 




Figure 1 Model of maturation of B cells in germinal center 

When antigen-specific B cells are activated with an antigen, the cells become 
centroblasts, and they actively repeat cell division in the dark zone of a germinal center. 
At that time, somatic hypermutation is considered to occur at a high frequency. 
Thereafter, the centroblasts differentiate into centrocytes, and the centrocytes are then 
stimulated with follicular dendritic cells or helper T cells in a light zone. At that time, 
only B cells, which express a high-affinity antigen receptor, are selected, and the thus 
selected B cells then differentiate into antibody-generating cells or memory B cells. 
On the other hand, low-affinity B cells are eliminated as a result of apoptosis. In 
addition, it is considered that several cells are returned to centroblasts, and that they 
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cause high-frequency somatic hypermutation again. 
CB: centroblast; CC: centrocyte; and Th: helper T cells 

Signal to GANP activation 

Expression of a GANP protein increases selectively on germinal center B cells. 
That is, this demonstrates that primase activity is induced by stimulation and that it 
appears. This primase clearly differs from p49 primase that exists in a wide range of 
cells. For the purpose of analyzing the type of control of induction of GANP primase 
during activation of B cells, phosphorylation of GAMP was examined using various 
types of kinases. As a result, we found that GANP is phosphorylated by cyclin 
dependent kinases (Cdks) in vitro. The serine residue at position 502 ( 502 Ser) existing 
in the GANP primase domain shows a consensus sequence of phosphorylation by Cdks. 
When the 502 Ser was substituted with Ala that is a non-phosphorylated mutant, primase 
activity was lost. In contrast, when the 502 Ser was substituted with Glu that indicates a 
pseudo-phosphorylated state, high primase activity was exhibited 9) . From such 
analyses, it became clear that the primase activity of GANP is strictly controlled by 
phosphorylation of the 502 Ser. 

Moreover, in order to confirm that the GANP primase activity is 
stimulus-dependent, a monoclonal antibody specific for 502 Ser-phosphorylated GANP 
was produced. In terms of expression of GANP in splenic B cells in vitro, a 
comparison was made by the immunostaining method. As a result, neither an 
anti-GANP antibody nor an anti-phosphorylated GANP antibody was stained, when 
GANP was not stimulated. However, when GANP was stimulated with an anti-CD40 
antibody or LPS, expression of GANP was induced. Moreover, such an anti-CD40 
antibody also induced a significant increase in phosphorylated GANP, but such a 
reaction was not observed by stimulation with LPS. These results suggested that 
stimulation with CD40 be required for phosphorylation of 502 Ser. Subsequently, the 
occurrence of phosphorylation of GANP in germinal center B cells after antigenic 
stimulation was examined. When a mouse was immunized with TNP-KLH as a T 
cell-dependent antigen, it was found that phosphorylation of 502 Ser of GANP increased 
as expression of GANP increased in the splenic germinal center B cells 4)9) . These 
results demonstrated that antigenic stimulation induces expression of GANP, and that 
GANP primase activity is increased by stimulation with CD40/CD40L. 
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As a result of the analysis of CD40-deficient mice, it has been well known that 
the action of CD40 is necessary for formation of a germinal center or a class switch u \ 
The fact that expression of GANP and an increase in the primase activity thereof are 
induced by stimulation with CD40 suggests that GANP plays an important role in the 
process of affinity maturation of B cells in the germinal center. 




Figure 3 Expression of GANP in germinal center B cells 
and model of control of cell growth 



B cells, which have recognized a T cell-dependent antigen, transfer a signal via 
CD40L and CD40 on helper T cells. Thereby, an increase in GANP expression and 
phosphorylation of GANP via Cdks are induced. Phosphorylated GANP acts together 
with other relevant molecular groups such as DNA polymerase or an MCM complex in 
the nucleus, and efficiently synthesizes an RNA primer in the lagging strand, thereby 
supporting rapid DNA replication. 
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Conclusion 

GANP has two relevant functions as novel DNA primase and a molecule 
associated with MCM3. Since this primase activity is induced by antigenic stimulation, 
when B cells rapidly proliferate, a sufficient amount of primer cannot be supplied by 
pola-p49 primase, and thus it is considered that novel primase of B cells supports rapid 
DNA replication (Figure 3). 

A primase domain and a Map-box domain exist in an extremely restricted 
region. Otherwise, a GANP-specific functional domain further exists, and it may play 
an unknown role. With regard to B cells, a change in the cellular localization of 
GANP or a functional change due to phosphorylation may play an important role. It is 
considered that the analysis of GANP and the function thereof in DNA replication will 
clarify a detailed process from affinity maturation in B cells to generation of an antibody, 
and that the aforementioned analysis will also lead to various aspects such as cell 
differentiation in higher mammalian cells, DNA replication, or DNA repair, other than 
its functions in B cells. 
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